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Introduction

Wheat (Triticum aestivum L.) has become very important as a valuable strategic product with high energy
level. The importance of investigating environmental stresses and their role in predicting and evaluating the growth
and crops yield is essential. A wide range of plant response to stress is extended to morphological, physiological
and biochemical responses. Considering the rapid advancement in computer model development, plant growth
models have emerged as a valuable tool to predict changes in production yield. These growth simulation models
effectively incorporate the intricate influences of various factors, such as climate, soil characteristics, and
management practices on crop yield. By doing so, they offer a cost-effective and time-efficient alternative to
traditional field research methods.

Material and Methods

This research was conducted in the research farm of Varamin province, which has a silty loam soil texture. The
latitude and longitude of the region are 35° 32" N and 51° 64’ E, respectively. Its height above sea level is 21 meters.
According to Demarten classification, Varamin has a temperate humid climate. The long-term mean temperature
of Varamin is 11.18 ° C and the total long-term rainfall is 780 mm. In this study, in order to simulate irrigated
wheat cv. Mehregan growth under drought stress, an experimental based on completely randomized blocks
(CRBD) including: non-stress as control (NS), water stress at booting stage (WSB), water stress at flowering stage
(WSF), water stress at milking stage (WSM) and water stress at doughing stage (WSD) with three replications
during growth season 2019-2020 was carried out in VVaramin, Iran. Crop growth simulation was done using SSM-
wheat model. This model simulates growth and yield on a daily basis as a function of weather conditions, soil
characteristics and crop management (cultivar, planting date, plant density, irrigation regime).

Results and Discussion

Based on the results, the simulation of the phenological stages of irrigated wheat cv. Mehregan under water
stress condition using SSM-wheat model showed that there was no difference between observed and simulated
values. Summary, the values of day to termination of seed growth (TSG) were observed under non- stress, stress
in the booting stage, flowering, milking and doughing of the grains, 222, 219, 219, 221, 221 days, respectively
andsimulation values with 224, 221, 220, 221, respectively. However, with their simulation values, there were
slight differences with 224, 221, 220, 221, respectively. Acceptable values of RMSE (11.7 g.m2) and CV (3.5)
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indexes showed the high ability of the SSM model in simulating the grain yield of irrigated wheat cv. Mehregan
under water stress conditions. Grain yield values were observed in non-stress conditions of 5783, water stress in
booting, flowering, milking and doughing of the grain stages in 5423, 5160, 5006 and 5100 kg. h*, respectively.
While the simulated values were 5630, 5220, 4920, 4680 and 4880 kg. h™, respectively. Based on the findings,
observed and simulated values of leaf area index (LAI) were observed under water stress condition in the booting,
flowering, milking and doughing of the grain stages (4.3 and 4.47), (4.33) and 4.46), (4.4 and 4.57) and (4.4 and
4.58) cm, respectively. Evaluation of the 1000-grain weight of irrigated wheat cv. Mehregan under the water
stress showed that the SSM model was highly accurate. RMSE (4.6 g.m2) and CV (1.8) values indicate the ability
of the SSM model to simulate the 1000-grain weight of irrigated wheat cv. Mehregan. Also, the simulated values
of the harvest index were 34.7 % in non-stress conditions, which decreased by 6 % compared to the observed
value. Harvest index values were observed under water stress conditions in the in the booting, flowering, milking
and doughing of the grain stages in 30.2, 29.3, 29.9 and 29.5 %, respectively. Compared to its observed values, it
was reduced by 3, 3.5, 5, and 5.5 %, respectively.

Conclusion

Based on the findings, the slight difference between the observed and simulated values demonstrates the SSM
model's capability to accurately capture water stress impacts on the phenological stages, grain yield, and yield
components of irrigated wheat cv. Mehregan during critical growth stages, including booting, flowering, milking,
and doughing. The results indicate that the SSM model is effective in simulating wheat growth under water stress
conditions, showcasing its potential as a valuable tool for modeling irrigated wheat growth. The model's ability to
account for water stress and its effects on various growth parameters makes it a reliable and efficient tool for
predicting crop performance in water-limited environments.

Keywords: Crop model, Flowering, Grain yield, Simulation, Wheat



S g of 4 i

https://jsw.um.ac.ir

C/’Z’nﬁ g ;,v

YOY-YFF . o VF-Y a0 0im30 0 oF o lad TV ol

Foly s geme = gl 5 by =T (KL (6 g gn ees =

P g (F e denns

CAVARVAR G PR

VEAN YA 1 KL b

VEOX/OYINY oy st

CXVCES

o slacS sl 5k By el plol b ol (15 Lyl o (8 100 05 (ol pIS g3 5 05 (il 12 SSM o LT ()

(WSF) (235 al> yo 13 25 (WSB) il dls yo y3 25 (NS) L5 g bl pi] ¢ Jols ool jlos @i 51,5 ¥ 13 (CRBD) slwas
S sxSone b god 5 3d) iluand 285 ygo el )3 [(WSD) aib (ab (gyed dlspo ) (35 5 (WSM) (0d (5528 al> po 5 s
G5 i Ly 3 PS5 S03oly olym gy o0 (5t 5 00 sdalie ol sl dail a4l 5203 ool SSM-Wheat aLs o
s o IS (gl Sl ye 5> G5 (S e bl ph 0 &l s bl B gy ois odnlie pdlie ¢ jlaidlay i sdmlie (ool ol cglis
VY Y- VY OVE iy T ond (giloand jyalio b oS 05 odmlie g, YT OFFY VNA VR Y (i ity s 0 (£pwad g 0pkd
DS oS BYer g A F DVF DFYY AVAY/F) (o sy aiby 5,Slos oids sdaline pdlie ;0 SW Cgls pizmad (bl oS oy AV
S SSM s wgllae LS 51 lis (b 45 p)3 oS FAAS 5 ¥5AL FAY . YV BFY+/¥) od oy bl o (gjludnd polie o (6

Shiukhy-S0ganloo ) cul sael Cusss w3 cuiS 5l s, Y/
[(etal., 2021a
5 ot 2 &l U 5 ot ST ()p Cuenl
S b e 6908 (£l Y paze 3Sles g 43, b))
e Ctal g Jopame W55 sl (kg JB (dgaee (st et
Ol > 4 Cumdg cnl g Wad oo guime Gl pulipw
Wei et al., ) cul oas wais She lon g ol mpw g 25
< ol Pl el lgie S5 g |y ol 415 (2018
g5 2lall o)l LS Y gaze (5y90 00 9 48y 2 $3b5 b

LS Jdo paiS (allS il 3 Slos ((giloand 1508 slajlg

.

LV RUTS

Bnoy o pipte j S (Triticum aestivum L.) pus

Baygi et al., )il o slas jd ol adlis ely; LS o5
g sl 5 G35 b Sl Jpame S5 lyisas pS (2016
Shiukhy-) cul 0,8 iy (oL Jhw cuenl YL (5]
FVE dgao oS puiS iS5 exdaw (SOganloo et al., 2021b
OVIEY g ol ol doyd YYIYY &S conl o 54l S youleo
FENY 2gdn 59uiS puiS ddgi e wCawl 0391 33 Sjguo &y o yd
9 (o S w20 )d VYIS oS ol osd 359l o5 yuleo

ul).vl <L’Jl).\3)'Ln ‘LS)L“’ U:u.,.lo é’l-*-" 9 d})5u§ Pil“ oKy “_;Gl))' (WA IXCHA ‘gi (WA os)f ‘dj)gu'«f J»Lwlya bl 9 )b.)‘.w‘ [EVENEY) -¥ 9 |

(Email: Saeid.Shiukhy@gmail.com 2 e 03 g3 — %)

UI)JI (Spo) UL“JIP RYIVTY guyl)_é oKl 4‘5)')91.&5 PXCHA 4;,»1 (WA 09; ‘d)')9ukf ‘_;wL.wI?.tb slewl =Y
Il e idS (5,5 b lio 5 (555918 pole elSls e ool iy oaSutils e ag S lytils —¥

DOI: 10.22067/jsw.2023.80355.1237


https://jsw.um.ac.ir/
mailto:.Shiukhy@gmail.com
http://doi.org/10.22067/jsw.2023.80355.1237
https://orcid.org/0000-0001-9434-2885
https://orcid.org/0000-0002-4446-4005

VEeY 91 e — 01 yo o oylocs IV ler (S g Of 4,25 YOF

»Las, gilwans <l s (Soltani and Sinclair, 2012) >4
5 SB Sluogas dgn s Of ilo Jlse osmy il ()5 )l
2 ol g Lauie (ials caw olS 5 Sles p pae slaygSt
U .(Delghandi et al., 2014) x93 oo (slas) 3o Olinios b dunlio
2L lodnd o Jae jl olitul aiej )3 (4ol Sllllae (458
015 plxl (lalS gai 5 M) 5 (SKJgsd Jolre siloand Gl
L (Pullens et al., 2019) l,\Ken 5 Luilsy s (g5 o0 S ol
5 oo, Agriclim Jis L BRASNAP-PH 4l Jio Sy
9 o)L {RSS Jus jl eslewwl L (Pirttioja et al., 2019) -, Kon
APSIM- Jas il sSoye L (Barlow et al., 2015) |,Ken
oslewol Ly (Kalanaki et al., 2018) I, Ken 5 SSMS Nwheat
Soltani ) l,Ken 5 gllw DSSAT-CERES Maize Juo jl
23,5 o)Ll SSM Jus (5,5, L (and Sinclair, 2011

S92y ilate Sid jlows (olBl lulpd 4 295 b ggerme
05290 5 Sy cawliol g8 g o qolio 5l oalisl ) Cydgams
OB e o8y ol A5 ge g 0y 0 ol 5l Gy W)l B
ol 4Bl dalgo (gaa JSUio L1y (l55liS &S ¢ puolyg adlato o
(63lodens 3 SSM Jue IS oyl (slise 2 gl ol 5l Ban
5 03l by o G5 o8 (5 00 o) (o IS 50 5 05

L 59, 9 dlge
SluleT sl yal Jas

0 9 Jib b Oy s 3 Sly ogl (sliws)
ool (Jlad a3 YOINY o (Bb )0 OVEY sy oldl s
o )3 (conldl (sl by Giale] Jome g g O Lol
aa D AVIY Sde Al Vs glod (1Sl b d s Sl ¢y logd
el g polee VY e il (Su0)l aVle (5:S0kee g
8l o by gebaus 5 5L e VAH/A

So3ghxe 3 g (G ympg) (e Y ) e

5 it S SRy Ml () py ste sl YoV
225 a1 Jsie o logl 40 SB et

G5 ol Bgrye (Jaxe 5 (oliardon ((Sajelon 8 S S
ool 3l g il Gl g oee o e Co e jolatods
5 NIPdnid (e gl & i pl 4 gbls
(Fahad et al., 2017) 35 o0 0315 puass (osbouigus

SoynS 45l 4 ax5 L (Zalli et al., 2020) o, Kon 5 JI;
L 039 Sl dagd 5 S a8l ol s )l sbolie 51 SIS
503, ol (o5 QLS 9o g 3 048 dgame oe Jolo ) (]
OlS ohg gy base i 5 S o)) o
S5 geme iyl lada plpl o glab e
cuwliol @i a5 amasl kbl (Mahmoudi et al., 2020)
el olS god g 5y (b ol I iy i)k BB 5 a Sk
e G5 56 o5 oS ol 5 og) 1) 1y 10 oS 350
Maetal.,) oySon 5 Lo gl sl 23,65 )18 455 099 el 5
Jolse 41 5 ool iy oy 15 Ll & laleS ol (2020
OEonen 9 M) Olise olS 05l g (o o] g 495 ke (6,503
D0 (S T Cde g il

sl polie Wlg o by diliste sl (b 3 Ol dgueS
$lg5 oo sy ciliste Jolpe (b jd Ol dgueS amd yuis 1) 5 Slas
iy cpdaw dnly jo lalS sliw ales 5l 0l slin! polde
09008 55 ylie &y amd i |y 0 e g Wy )0 il 5 i
Sl S 2 SFalie Sl Wlgi e olS A5, cilies Jolye o
(Gonzalez et al., 2010) wib axisly wlscsy, 9 (SSojsles jud
U5 6wy b {Mehraban et al., 2019) ), Ke2 § b y4e
Jsb > ol G5 & 2008 plo 3 Skes il g 0 Skes 1
olS 1)) oolie > (s Coly piS wlidosyy calisee oo
0,80 as g il Jlia g i ;o &l dlas iy ad p (g0y90
5 e @l 8 ol G5 gt lulpd 4 Cus ab oly
5,Slee jials 51 Sl 5,5 (Saeidi and Abdoli, 2015) Jaie
dueS bl il jo by s ls g il lia e @i Cangj il
g (25 S g Al ye 3 0500

2 ohg SFomels S e J5S Gyt dxgi b ojg)el
Sl Olysar 2lS a8y sl die I plgiee jpliS i
38das Slys 0929l e Spd 4 (plied jslaieas sl
5,5 oolaiwl Jare Jolse 5 bl cluss bl o g
2 als e LS us, cla s (Paknejad et al., 2017)
L s odlitel Jpaeo 3)Shos 359l (gl clillas Sl (gl
@54 g =lhja ang by Kaly o (Saeidi et al., 2010)
g alsm byo 11 0dl o (gl s slagialesl g Claiog e
o Slol OMSe 595 s il (092 poloj ol e b5 (6551

1- Processes-based crop models



YOV o G5 bl o o i g0d 9wy (6 lwdads 50 SSM Juo (o TH15 (20551 ooy g glilé g S 9t

0°00°N

300N

3°00°N

e
=
=7 B
bS] o 250 500 1,000
P ™ Kilr‘)mﬂ'pr -
45°0'0"E 50°0°0"E 55200 K 600'0"E
opz
.N

T
300N

300N
I

30N

00N
|

o 50 4

100 20

o {o]
Kilometers Kilometers |

51°0'0"K 52°0'0"E 53°0°0"E 5220071

adlllae 390 diliio L3l pia Candge —) S
Figure 1- Geographical location of the study area
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Table 1- Some physico-chemical characteristics of the experimental soil of irrigated wheat cv. Mehregan during the growing season.
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Figure 4- Comparison of the observed and simulated values of grain yield under water stress at the phonological
stages of irrigated wheat cv. Mehregan
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Figure 5- Comparison of the observed and simulated values of total dry matter under water stress during the growth season using
SSM model
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Figure 6- Comparison of the observed and simulated values of total dry matter under water stress at the
phonological stages of irrigated wheat cv. Mehregan
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Figure 10- Comparison of the observed and simulated values of 1000-grain weight under water stress at the
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